Abstract. N-myc downstream regulated gene 1 (NDRG1)/ Cap43 is a 43 kDa protein that is widely distributed in the body. Its expression is regulated by nickel, cobalt, hypoxic condition and others; it is reported to be weaker in tumors than normal tissues; and NDRG1/Cap43 is considered to act suppressively to tumor metastasis. This current study immunohistochemically examined NDRG1/Cap43 expression in hepatocellular carcinoma (HCC), and analyzed its relationship to clinicopathologic factors and prognosis. The samples were 105 surgically resected HCC tissue blocks, i.e., 18 welldifferentiated HCC, 61 moderately differentiated HCC, 10 poorly differentiated HCC, 9 'nodule-in-nodule' type HCC, and 7 sarcomatous HCC. In all cases, NDRG1/Cap43 was not expressed in normal liver cells. Strong expression was found in 65 of the 105 cases (62%), i.e., in 11.1% of well-differentiated HCC, 72.1% of moderately differentiated HCC, 80.0% of poorly differentiated HCC, and 71.4% of sarcomatous HCC. In the 'nodule-in-nodule' type, its expression was found in 55.6% of their well-differentiated component, and this frequency was significantly higher than that in well-differentiated HCC (11.1%). In the cases showing strong NDRG1/Cap43 expression, frequency of portal vein invasion and of intrahepatic metastasis was significantly high. No clear relationship between the expression and prognosis was observed. NDRG1/Cap43 expression that was found in advanced HCC was thought to accelerate tumor invasion and metastasis. NDRG1/Cap43 could act as a useful biomarker of
Introduction
Hepatocellular carcinoma (HCC) is the fifth commonest malignancy worldwide and is the third most common cause of cancer related death. The geographic areas at highest risk are located in Eastern Asia, Middle Africa, and some countries of Western Africa. HCC most commonly develops in patients with chronic liver disease, the etiology of which includes alcohol, viral infection (hepatitis B and C), metabolic diseases and aflatoxin (1, 2) . Surgery, including transplantation, remains the only curative modality for HCC. The prognosis of HCC is generally poor, and even after surgery, the 5-year survival rate is limited to 25-29% (3). The ability to predict patients at higher risk of recurrence and with a poor prognosis would help to guide surgical and chemotherapeutic treatment. Efforts have been made to predict recurrence and poor prognosis in patients with HCC after hepatectomy using clinicopathological parameters. Tumor size, tumor number, vascular invasion and the presence of satellite lesion were reported to be useful predictors (4) (5) (6) . With the development of molecular biology, many biomarkers related to invasion, metastasis, recurrence and survival have been explored. N-myc downstream regulated gene 1 (NDRG1, also known as Drd-1, Cap43 or RTP) was identified as a homocysteineresponsive gene that was induced by sulfhydryl regents such as cysteine and 2-mercaptoethanol in human umbilical vein endothelial cells (7) . The NDRG1/Cap43 gene is mapped to chromosome 8q24 (8) and encodes a 3.0 kb mRNA that is translated into a protein with a molecular weight of 43 kDa (7, 9) . NDRG1/Cap43 expression is regulated with nickel, cobalt, oxidative stress, hypoxia, phorbol esters, vitamin A and D, steroids, histone deacetylase-targeting drugs, lysophosphatidylcholine, oncogene, and tumor suppressor gene (p53 and VHL) products (7, 8, (10) (11) (12) . NDRG1/Cap43 acts in maintenance and differentiation (13) of myelin sheath; and in exocytosis (14) , maturation (15) (1, 3, 4, 7, 9, 10, 14, 15, 20, 21) . Sincce NDRG1/Cap43 expression level in neoplastic cells of breast cancer, prostatic cancer and colon cancer is lower in comparison to that in nonneoplastic tissues, NDRG1/Cap43 is reported to be suppressive to tumor metastasis (8, 9, 17, (22) (23) (24) . On the other hand, NDRG1/Cap43 is also reported to be overexpressed in tumor tissue than normal tissue (25) , and to act as an accelerating factor of metastasis (26) . At present, actions of NDRG1/Cap43 in tumor remain elusive. To date, NDRG1/Cap43 expression in the liver (25) and its relationship with hepatocellular carcinoma (HCC) were reported (27, 28) . Chua et al showed high NDRG1/Cap43 expression in HCC correlated with shorter overall survival, late tumor stage, vascular invasion, large tumor size, and high histological grade and NDRG1/Cap43 could be a useful predictor (27) . In the current study we investigated NDRG1/ Cap43 expression and its histopathological features on surgically resected HCC of humans, and evaluated NDRG1/ Cap43 as a possible biomarker of HCC.
Materials and methods
Tissue samples. Immunohistochemical examination was performed on formalin-fixed paraffin sections of cancerous and non-cancerous tissues of 105 HCC livers that were surgically resected at Kurume University Hospital in the period between 1989 and 2007. The 105 patients did not receive preoperative anticancer therapies such as a transcatheter arterial embolization and radiofrequency are summarized in Table I . Among them, 89 cases had a nodule Table I . Clinicopathological characteristics of 105 HCC cases. Immunohistochemistry. Formalin-fixed, paraffin-embedded sections (4 μm) were mounted on 3-aminoprophltriethoxysilane-coated slides (Matsunami Glass Inc., Ltd., Osaka, Japan), deparaffinized in xylene, and re-hydrated in graded alcohol. The sections were soaked in 10 mmol/l of sodium citrate buffer (pH 6.0) and treated in microwave for 20 min for antigen retrieval. NDRG1/Cap43 expression was immunohistochemically examined with rabbit polyclonal anti-NDRG1/Cap43 antibody (gift from Professor K. Kohno, Department of Molecular Biology, University of Occupation and Environmental Health, Fukuoka, Japan. Diluted 1:2000) as the primary antibody (12, 30) , and using Histofine SAB-PO kit (Nichirei, Tokyo, Japan) according to the manufacturer's protocol. The sections were incubated with primary antibody for 60 min at room temperature after blocking endogenous biotin and peroxidase activities. Negative control was prepared by replacing the primary antibody with normal rabbit serum. The peroxidase reaction was developed with the addition of 3, 3-diaminobenzidine and H 2 O 2 substrate solution. After counterstaining with hematoxylin, the slides were dehydrated, coverslipped, and observed under a microscope (Olympus BX41, Olympus Optical, Tokyo, Japan). The immunohistochemical staining was evaluated independently by two pathologists (J.A. and H.Y.). Immunoreactivity of NDRG1/ Cap43-positive cells was compared among the tissue sections, and the ratio of the area where positive cells were present to the area of entire specimen was calculated. NDRG1/Cap43 Table II . Relationship between NDRG1/Cap43 expressions and clinicopathological factors. 
expression in bile duct epithelium was used as an internal positive control because it is always positive. NDRG1/Cap43 expression was graded into 4 levels according to the distribution of immunoreactive HCC cells (Fig. 1), i.e., 0 when NDRG1/Cap43-positive cells were present in <10% of the entire area, +1 when the area was 10-40%, +2 when 40-70%, and +3 when 70-100%. Staining intensity for NDRG1/Cap43 was graded into 3 levels, i.e., 0 when the intensity in HCC area was less than that of bile duct epithelium, +1 when the intensity was almost equal to that of bile duct epithelium, and +2 when the intensity was stronger than that of bile duct epithelium. Total score was obtained as the expression grade multiplied by the staining intensity score. This total score was then evaluated into 2 levels, i.e., 0-2, weak expression; 3-6, strong expression, and the relationship between NDRG1/Cap43 expression and clinicopathological features was examined. Statistical significance was examined with χ 2 test. The relationship between NDRG1/Cap43 expression and postoperative course was examined in 72 of 105 cases who were monitored up to 9.1 years after surgery. The survival rates were calculated by using the Kaplan-Meier method, and the differences were compared by the log-rank test.
Results
NDRG1/Cap43was always negative in non-cancerous liver cells, and its positivity was not affected by the condition of the liver (e.g., hepatitis and cirrhosis) or the type of infected hepatitis virus. On the other hand, NDRG1/Cap43 was always positive on the bile duct membrane in the portal tract (Fig. 2) , and this picture was used as the internal positive control in this study. Among the 105 cases, NDRG1/Cap43 was expressed at a high level in 65 (62.0%) cases. Their cytoplasm and/or cellular membrane were NDRG1/Cap43 positive, but nuclei were not. There was no significant relationship between the location of positively stained area and clinicopathologic factors. In the 89 cases that HCC nodules were in a single histological grade, strong NDRG1/Cap43 expression was found in 11.1% (2/18) of the welldifferentiated HCC, 72.1% (44/61) of moderately differentiated HCC (p<0.0001, vs. well-differentiated), and 80.0% (8/10) of the poorly differentiated HCC (p=0.0003) (Table II) . Among the 7 sarcomatous HCC cases, strong NDRG1/Cap43 expression was observed in 5 (71.4%) and this was significantly higher than the well-differentiated HCC (p=0.0032, Fig. 3 ). In the 9 cases with 'nodule-innodule' appearance that contained 2 or more components of different histological grades, NDRG1/Cap43 was strongly expressed in 55.6% (5/9) of well-differentiated component and 66.7% (6/9) of moderately differentiated component (Table II) . The frequency in well-differentiated component was significantly higher than that in the well-differentiated HCC of a single histological grade (p=0.0145, Fig. 4 ). In the relationship with clinicopathologic factors, frequencies of portal vein invasion and intrahepatic metastasis were significantly high in the cases of strong NDGR1/Cap43 expression (p=0.0004 and p=0.0074, respectively). Among the 17 cases who were evaluable for NDRG1/Cap43 expression in the tumor casts of portal vein, 16 cases showed strong expression in the entire tumor body as well as in the tumor casts of portal vein, but one of the 17 cases showed low expression in the tumor body as well as in the tumor casts of portal vein (Fig. 5) . Post-operative course was monitored in 72 cases, and NDRG1/Cap43 expression was not clearly related to their survival time. However, among clinicopathological factors the presence of portal vain invasion was significantly associated with shorter survival (log-rank test; p=0.003) and intrahepatic metastasis also influenced shorter survival (log-rank test; p=0.0575) (Fig. 6) . 
Discussion
Cangul (25) reported no or very mild positivity in nonneoplastic liver cells. Chua et al (27) found no NDRG1/ Cap43 expression in normal liver cells, but 6% of cirrhosis and benign liver lesions had the expression. On the other hand, in our cases, NDRG1/Cap43 was not expressed in non-neoplastic liver cells even though many of our cases were positive to hepatitis B and/or C virus and had conditions of chronic hepatitis or cirrhosis. This difference in the findings would be attributable to the differences of antibody and immunostaining kits used in each study, disease condition of the patients examined, and evaluation method. Since it was not expressed in non-neoplastic liver cells but shown with the development of tumor, NDRG1/Cap43 could be a marker of HCC.
NDRG1/Cap43 was strongly expressed in 62.0% of the lesions of our cases, and the frequency of strong expression was significantly higher in the moderately and poorly differentiated HCC in comparison to well-differentiated HCC. This indicated that NDRG1/Cap43 is not related to early event of carcinogenesis in the liver but to the growth and development into advanced HCC. This point is supported by the findings that the cases with strong NDRG1/Cap43 expression highly associated with portal vein invasion or intrahepatic metastasis, and tended to have a larger diameter of the nodule. The relationship between NDRG1/Cap43 expression and cancer has not yet been fully elucidated, but previous studies reported that NDRG1/Cap43 acts suppressively to metastasis in prostatic cancer, breast cancer, colon cancer and pancreatic cancer; and is also a useful prognostic factor (22) (23) (24) 31 ). In our current study, the relationship between NDRG1/Cap43 and prognosis was not clear, but the results indicated that NDRG1/Cap43 accelerates vascular invasion and metastasis of cancer. Chua et al (27) also showed in their HCC study that NDRG1/Cap43 is an indicator of poor prognosis and related to such features as vascular invasion, large tumor size and high histological grade. On the other hand, in our cases portal vain invasion and intrahepatic metastasis was associated with short survival, and frequencies of portal vain invasion and intrahepatic metastasis was significantly high in the cases with NDRG1/Cap43 high expression. This suggests NDRG1/Cap43 high expression is indirectly associated with short survival.
HCC develops in the liver with such chronic diseases as hepatitis and cirrhosis. It occurs as a well-differentiated cancer without having a capsule or distinct margin, and then de-differentiate to present 'nodule-in-nodule' appearance that contains moderately or poorly differentiated component within the nodule. At that stage, tumor growth is accelerated. In our findings, frequencies of NDRG1/Cap43 expression in the well-differentiated component of a 'nodule-in-nodule' type HCC was higher than in a well-differentiated HCC that consists of a single grade HCC. In our cases, NDRG1/Cap43 may act as a promoter of dedifferentiation. Another possible explanation for this difference in the expression rates is that we examined well-differentiated HCC that was in the earlystage of development, contained a single nodule of a single histological grade, and had indistinct margin; therefore the environment such as vascular structure is different from that of 'nodule-in-nodule' type HCC resulting in a different staining pattern to NDRG1/Cap43 even when their histological grade was the same as the corresponding component in a 'nodule-in-nodule' type HCC.
Vascular structure of HCC changes from portal vein to arterial vessel along with tumor growth, and in this course ischemic condition temporally occurs (32) . On the other hand, NDRG1/Cap43 expression is upregulated in hypoxia in several cancer types (19, 25, 28, 33) including HCC (28) . In our current study, not many of our well-differentiated nodules, i.e., the early-stage HCC, expressed NDRG1/Cap43, whereas the well-differentiated component of 'nodule-innodule' type that would be under hypoxic stress in its growth process expressed NDRG1/Cap43 at a high frequency. This suggests that hypoxia would be one of the factors that regulate NDRG1/Cap43 expression in HCC.
Many of our cases that showed strong NDRG1/Cap43 expression in the area of portal tract invasion also showed strong expression in the tumor body. On the other hand, there was no expression in the area of portal tract invasion in the cases that showed weak expression in the tumor body. HCC with strong NDRG1/Cap43 expression had significantly high frequency of portal tract invasion, and they also showed NDRG1/Cap43 expression in the area around the invasion. This indicated a mechanism where NDRG1/Cap43-positive cells with high invasive capability invaded the portal tract and then started to express NDRG1/Cap43. Our findings showed that NDRG1/Cap43 expression occurs in developed HCC and it promotes invasion and metastasis. More details of the mechanism that accelerates proliferation and metastasis should be examined in future studies.
